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INTRODUCTIOEJ 

In extreme ukavidet research, thin films are very useful for eeveral reasom. 

First, they may be wed as witnims, transmitting the radiauon but holding back a 

gas, for example, to f som gas-fitIed detectors froan the vacuum system; SecondD 

their selective transmission properbfes make them useful ILS optical filters for 

elfmfnating stray light or for order-sorting. 

Many years ago celluloid in the form of a thin film w m  shown by Laird (1,6; to 

transmit to wavelengths a8 hart 88 450 

quantitative measurements af the transmittance of celluloid in the ran- 1000 to 

300 A were made by O*Brym (21, and Tombozlllan and Bgdo (3) measured the trans- 

mittace of eapon from 260 A to 80 A.  

and ale0 in the sofct x-ray range. W r C  

The discovery by Wood (4) in 1933 that the alknli metala transmit dtsaviolet but 

no visible radiation, supplied the impetus for investigstionsl concerning the use of 

thin metal films at3 optical mter6. Because of their chemical activity, however, the 

alkali x n e b l ~  can only be wed if e&&, in eandwich fashion, between parh phb8, 

as hadl been srecomplished by O'Bryan P,Sg, The quartz, of COUTSB, restricts their 

um to wavelsngtb loqpr than about 1550 A .  Gold and silver have long been known 

&o transmit in restricted wavelength rangesp gold at 5000 A and silver in a narrow 

band near 3200 A Although silver w w  reported by Laird i6) to trsnsmit wavelengths 

m short a~ 900 A no w e   ha^ k e n  natie its trammitting properties in the vacuum 

over the wavelength range 80 to 320 A I) and by htoh and Vodar (8) for aluminprm 
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the curve lies fairly close to &he curve for parladion. There aeetms to be a deeper 

bamds which a m  caneidersd to be d. ft is mt clear from ttre data of O'Bryan 

whether a d d i t i d  minima would have been present had measaremenLs been made 

at a larger number of wave-. 

AWllMlINUM 

Thin unhclwd fflme of aluminum free from pinhules were prepared in tbe following 

fashion. A glase substrate was coat8d in vacuum with fuchein a~ a partfing agent, and 

then coated with alumhum under optimum conditions as described by Has8,  Huntm, 

and To\rsey (11). If wae important to keep the entire vacuum chnber very clean and 

to avoid the u88 of &uf&rs of a type that might scatter dust partides when opened or 

clgad. Before coaking with fuchsin the glass w88 cleaned by removing in vacuum a 

thin collodion film that had been placed on its surface prior to introdtictian into the 

vacuum chamber. After coating, the aiminurn film was floated off the substrate anst 

onto a water surface from which it was picked up on B tbh etafiales8 s-1 plate con- 

taining 8 6 mm diameter hole, which it covered. For making farger unbacked films, 

it w m  necemary to mount them on fine mesh  screen.^^. An 80 per inch mesh screen 

of 80% transmittance was quite eatisfaciory. Aluminum  filter^ 15 x 20 mm in area, 

having a Ehickness of the orhr of 1000 A could be prepared in W way without 

pinholes. A detailed Bescription of the process wilX be published by ,!Ingel (12). 

Pretricnas work on aluminum transmission ha8 been carsigd out, either on films 

deposited on a plastic subsbate such 88 ZQOE (7) or collodion (8) or with aluminum 

deposited under  condition^ such that its refTecbe was rather lm 49). The earlier 
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just longward of ohe L2, abraorptim edge 170 A and then falls to a low value on 

ferent measure- were not fn close agreement, and it appeared prolrsble thst the 

of Tomboufian and Pell(79. However, the structure reported by them cm the long 

wavelength Bide  of the abeorption edge was not found d may be associated wftrh the 

fact that they deposited the iduminum on a zapon splbstrat%srs they auggeet. 

The wavy appearance in the tranfmittance curve with minima near 500 , 

680 A ,  and 660 A ,  was dm ps88ent in the data of Werlker, Rut@, and Weissler (9j. 

Thie can be explained ai3 an interferencs effect, prOaUced by the pr0sence of an oxide 

layer 09 the aluminum surface. The transmittance of an 800 A thick aluminum film 

with no oxide layer was calculated from the optical constants obtafaed by Hunter (IO), 

and is ~ B o m  in Fig. 2. A second e w e  wm calcuhted asmuning an oxide layer of 

40 h thicbees OIL both sides of the ialnminurm film. and wing approxbate optical 
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duced here, show some transmittance from 150 to 45 A ,  but Vvitaz strong absorption 

bands centered at 129 and 95 A .  

The aluminum film filter is especially useful in extreme ultraviolet phot0g;raPhic 

solar specloscopic work ham rockeb. Because the extreme ultsaviolet portion of 

the suD'a racliatian is ~mly of the order of IO+ of the tota~ radiation, stray visible 

and ultraviolet light pr&ces an extremely high baokgrouad when wing diffraction 

light, which would otherwhe swamp the spectrum. 
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Two -8 of photograph which could not have been made without the alumhum 

filter are shown in Fig. 4. They were obtatned from an Aerobee-Hi rocket by the 

Naval Research Laboratory on May 10, 1963 (14). Jn the center ie 8 spectrum 

obtained with a small grdng-incidence spectrograph employing a 40-cm radiw, 

600 -/mm d i f h o t b n  grating at 88' hCkhC8. It can be seen that the spectrum 

is completely free from stray light background. Above and below are monochromatic 

images of the sun fn the form of epectra. These were obtained with a simple concave 

grating, used at normal incidence, and receiving directly the parallel light from the 
. 

sun. The grding waa of 40 cm radius of cmature and 600 lines/mm . A thin 

alumhm film supported on a wire mesh was placed &ut 1 cm in front of the 

photographic film. The Cuspersion in printing was  adjusted so as to match the grazing 

incidence spectrum. The most hkme solar image fs from the He II, 304 A 

remonance line. Superimposed upon the sun's surface can be seen six active regions. 

Shown for comparison are CaK and H-alpha spectroheliograms taken from the 

ground on the same day. The second most prominent solar image at 257 i s  from 

a blend of hessincludhg Si X 

possible to see a U r d  image produced by the Fe XV line at 284 A .  This ehows 

€rom the corona. Between tbheoe two image8 it is 

only in the active regions and is produced by the sun% corona. Also visible at 335 

axe the same plage regione in the emission from the Fe XVl line. 
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The long wavdength transmittance limit is close to the critical wavelength determined 

Attempts were made to produce mbacked indium films in the same manner as 

impossible, however, to remove the indium film by immersion in water. Sugar- 

aerosol, however, as used by Curcio and Carpeater (15) proved to be satisfactmy 88 

8 parting agent. Emiporation of indium took place from a tungsten boat und8r excebnt 

vacuum condftions rrnd was completed in a few seconde. The transmittame curves for 

two indium films are shown in Fig. 5. It can be men that indim film6 are excellent 

filters for transmitting the range 1000 to 750 A. The transmil;tance of the films shown 

in Fig. 5 is considerably greater over the entire wavelength range than the values reported 

by W l k e r ,  Rustgi, and Weissler (9) for a film approximately one-half a8 thick. 

Unlike aluminum, for fndfum there appears to be little or no absorption by a ~ufface 

layer. This is apparent from the agreement with the curves shown by the dotted linea, 

which were ealcuiabd assuming no absorbing surface layer and employing the optical 

constants ditterminQd from reflection measurements by Hunter (10). A6 a result, *re 

is no loss of transmittance with age. Interference effects produced by internal rdectiom 

were observed in the thinner of the measured films, but for the thicker they were too 

small to detect. It is possible, however, that a surface layer of some kind is present, 

because the unddations in the measured erne are greater than fn the calculated c m e .  

T U  might be prod~ced by a surface layer of modified refractive index, but negligible 

absosptisn. 

As an example of the use of in&m film filters, the spectrum of a spark source 

obtained (141 with the Hilger grazing incidence 3-metes spectrograph iE1 shown in Fig. 6. 
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In Fig. 7 is a eimil,ar exposure for the wavelength raage 150 to 49 b . 
that indium transmite not only from I000 to 750 b. but ale0 from 120 A to &orter 

wavelewgths, probably am far as the 116-1 edge at 15 A .  Transmittance value8 at 

44.3 and 6 7 A  weremeasuredby Blasts, Meekina, a.ndUnzicker (16) tobe 19.5 

and 37 per cent, respectively. 

It is clear 

Figure 8 is a diagram bowing trausparency range8 for a number of metale and 

semi-conducting materials, most of which can be prepared in the form of &ked 

films. This has been assembled from a variety of sources and is intended as a 

etimulus for further work. The arrowheads indicate the poeitfons of the critical 

wavelengths, from the electron eigenlose values tabdated by m%8 (17). Dotted 

lims indicate expected trends not 88 yet verified by experiment. The posiUon8 of the 

various x-ray edges are introdaced together with observed or supposed ranges of 

transparency on the long wavelength side. 

It is a pleasure to thank D. W. Angel for preparhg the films of aluminum and 

indium, and G. Fritz for the parlodion fiim8. 
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LIST OF CAPTIONS 

Figare 1. The transmittame of a parlodion (nitrocellulose) film 270 thick, 

(solid curve); and of a celluloid Wm 100 

O*Bryan (2). 

thick as measured by 

Figure 2. The transmittance of an unbacked film of aluminum, 800 A thick. 

Included for comparison are curves for aluminum calculated from 

the optical Constance, for the cases of no oxide, and 40 A oxide 

on both surfaces. 

F m  3. The spectrum of a vacuum spark, exposed 1 min. with no filter, and 

lmin .  and 1.5mi.n. with analuminum filter; (S. 0. Tilfosd, U. S. 

Naval Research Laboratory). 

Figure 4. Solarr 8pectra photographed by Austin, Garrett, PwceU, and Tousey 

of the Naval Research Laboratory from an Aerobe -Hi rocket on 

May 10, 1963, with htruments making use of a thin aluminum 

filter to eliminate stray light. The top and bottom spectra were 

made with a normal incidence coacave grating spectrograph receiving 

parallel light from the sun, and producing a sieries of monochromatic 

solar images. 
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Flgum 5. The spectrum of a vacuum spark errposed 0.5 rain. with no filter 

and 10 min. through 811 indfum film approximately 2000 A thick 

(S. 0. Tiiford, U. S. Naval Research Laboratory. 

Figure 6. The epeotrum of a vacrmm spark errpoeed 1.2 min. with no filter 

and 6 min. through an indium filter approximately 2000 A thick 

QS. 0. Tilford, U. S. Naval Research Laboratory). 

Figure 7. The measured t r a a s m i t w  of indium films, and e w e s  calculated 

from the optical co138tBrzts. 

Figure 8. A summary diagram of the trammission properties of several 

materiale, moet of which can be prepared 88 thin ambacked films. 

X -ray edges are shown as steps; the arrows show critical wavelengths 

derived from values of the electron eigenloss; dotted sections indi- 

cate ranges where there are no data. 
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